In a highly debated paper, Lott and Mustard (1997) found that allowing citizens to carry concealed handguns reduced crime. Since then, numerous researchers have questioned the validity of the findings. In addition, ongoing work has shown there is an important spatial component to crime. In this paper, we use spatial econometric techniques to estimate the impact of adoption of concealed weapons laws by some states on crime rates across the U.S. We find there are spillover effects of concealed weapons laws and that spatial dependence plays an important role when estimating the effect of these laws on crime.
Introduction
Gun control is a hotly debated issue in the U.S. In addition to constitutionality arguments, there are questions regarding the impact of guns on crime. Lott and Mustard (1997) found that allowing citizens to carry concealed handguns reduced crime. Their findings led to a debate amongst economists, with some supporting the findings, while others disputed the claims. Ayres and Donohue (2003) provide a summary of the research conducted on this issue.
So far, the research on gun laws has failed to account for the spatial dimension of crime.
Individuals are mobile, so differences in policy may affect where an individual commits a crime.
We account for this mobility by employing spatial econometric techniques and revisit the issue of how of a concealed weapon law impacts crime. A concealed weapons law allows an individual to carry a concealed handgun if he can demonstrate a need to carry such a weapon. In some states, governments have discretion over issuing these permits. Other states have a "shallissue" law, which allow individuals to receive a concealed weapon permit unless specific and verifiable factors dictate otherwise. States that have a "shall-issue" law are what we refer to as states with a concealed weapon law or a right-to-carry state.
To test whether there is a spatial dependence of right-to-carry laws on crime, we utilize a Spatial Durbin Panel Model (SDM). Our results indicate that spatial dependence is present, suggesting the previous research that has not controlled for the spatial relationships has produced biased estimates. We find that concealed weapon laws reduce the assault rate, consistent with the arguments of Lott and Mustard (1997) that the potential of an armed victim deters criminals.
However, we find a positive effect for all property crimes, robbery, larceny, and motor vehicle theft (MVT). Our findings also indicate that adoption of a shall-issue law has a positive spillover effect on neighboring states for rape, robbery, larceny, MVT, and all property crimes. Policy 3 makers should be cognizant of our findings, as they suggest that anti-crime policies have spillover effects on adjacent states.
II. Econometric Model and Data

Econometric Model
A family of related spatial econometric models can be represented by: The model may contain a spatially lagged dependent variable or a spatial autoregressive process in the error term. In addition, there may be spatially weighted explanatory variables in the model. An important aspect of any spatial econometric model is the spatial arrangement of the units in the sample. In practice, this is accomplished by specifying a spatial weights matrix, W , "which expresses for each observation (row) those locations (columns) that belong to its neighborhood set as nonzero elements (Anselin & Bera, p. 243) ." The individual elements in the spatial weight matrix, ij w , equal "1" if observations i and j are "neighbors" and "0" otherwise. 4 Normally, a row stochastic weight matrix is used, which means that the rows of the spatial weight matrix sum to unity. Depending on the context, both  and  measure the extent of the spatial autocorrelation.
Given (1) variables. It is important to note that the inclusion of the Wy term on the right hand side of the above equation introduces simultaneity bias and the use of OLS as an estimation strategy will produce biased and inconsistent parameter estimates (Anselin 1988, pp. 57-59) . Therefore, maximum likelihood estimation is used to estimate the parameters in the SAR model. In addition to the right-to-carry law indicator and the state and year fixed effects, we also include socio-economic controls to address differences in the state population. We include controls for the age, racial, and gender composition of the state. We also include controls for the per capita personal income in the state, per capita unemployment insurance payments, and per capita income maintenance.
Data
We use the crime data created by Ayres and Donohue (2003) and use the indicator variables created by Lott and Mustard (1997) when determining when a right-to-carry law was passed.
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One criticism of the Lott and Mustard results is that the panel ends too early, and adding additional years causes the sign of the effect to flip. For this reason, and given the years of data that we have a balanced panel, we consider the impact of shall-carry laws on crime rates from 1970 to 1997. Table 1 presents the summary statistics of the crime variables. The first column lists all the crime measures we use, including each of the index crimes -murder, rape, robbery, aggravated assault, burglary, larceny, and MVT -as well as violent and property crime. Violent crime is the sum of murder, rape, robbery, and assault while property crime is the sum of burglary, larceny, and MVT.
III. Results
Our results are presented in Table 2 . For all specifications, we utilized the spatial Durbin model (SDM) with time and state fixed effects and a six nearest-neighbor spatial weight matrix. The first column reports the dependent variable, the type of crime which is measured as the log of the crime rate. Columns 2, 3, and 4 contain the average direct, indirect, and total effect for the shallissue dummy variable. The final column is the value and statistical significance of the spatial autocorrelation parameter,  .
We find that five crime categories have a significant direct effect. However, the sign of the effect differs based on the crime. Robbery, all property crimes, larceny, and MVT all have positive and significant average direct effects, meaning that states with a shall-issue law have 7 higher crime rates than states that do not. Shall-issue laws should affect those crimes with faceto-face interaction, as the fear that the individual may have a concealed weapon will deter crime.
Therefore, a positive effect for property crimes is not counter to the arguments of Lott and Mustard (1997) , as most property crimes do not have a face-to-face interaction. However, the positive effect on robbery contrasts the arguments of Lott and Mustard (1997) . There is a negative direct effect on the assault rate, meaning states with a shall-carry law have a lower assault rate. This finding is consistent with Lott and Mustard (1997) and suggests there is some deterrent effect of the policy.
The average indirect effect measures spillover effects to adjacent states. Findings indicate a positive and significant spillover effect for rape, robbery, all property crimes, larceny, and
MVT. This is not surprising for these types of crimes, especially MVT, as previous work has found these crimes are especially mobile (Di Tella & Schargrodsky, 2004; Draca et al., 2011; Klick & Tabarrok, 2005) . This result further emphasizes that there are spillover effects when looking at the impact of policies on crime that previous research has not properly measured.
The final column of Table 2 is the  parameter. This parameter measures the amount of spatial autocorrelation in the dependent variable, which in this case are the crime types. The results indicate that many crime categories exhibit negative spatial autocorrelation, indicating a checkerboard pattern in crime rates across states. The  parameter for many crime types is statistically significant, with the exception of all violent crimes, robbery, burglary, and MVT.
IV. Conclusions
Economists have debated the impact of gun control laws on crime rates for decades. One of the most controversial papers on this topic, Lott & Mustard (1997) , found that right-to-carry laws 
